Building on models of the stress process, this study examined the consequences for binge alcohol use, marijuana use, and other illicit substance use of cumulative levels of stressful life events using data from the Family Health Study (FHS), an 8-year panel data set (N = 840). The results of a latent trajectory analysis indicated a positive association between cumulative stressors and involvement in substance use during this period of the life course, especially among early adolescent users. However, there were no identifiable effects on adolescent-limited users. Implications of the results for theory and policy are discussed.
Numerous studies have examined specific trajectories of delinquent and young adult criminal behaviors (Gibson & Krohn, 2013; Piquero, 2008 ); yet, there remains a lack of research on substance use trajectories. Although research has provided some insight into the psychosocial and neurophysiological predictors of these trajectories (e.g., Hser, Longshore, & Anglin, 2007; Schulenberg et al., 2005) , there has not been sufficient attention to theoretical models that might inform these patterns.
The purpose of this study was to examine one theoretical pathway of substance use escalation and de-escalation across an important phase of the life course: adolescence to emerging adulthood. The motivating conceptual model was based on Agnew's (1992 Agnew's ( , 2006 general strain theory (GST) and models of the stress process that have been developed in social psychology and behavioral neuroscience. A key principle is that stressful life events are highly variable among youth, but that experiencing a persistent or increasing number of events over time can affect the rapid escalation substance use (Hoffmann, Cerbone, & Su, 2000; Lloyd & Turner, 2008; Sinha, 2008) . Moreover, as cognitive coping skills and agentic resources develop during emerging adulthood, the influence of stressful events weakens, even for those that have accumulated during adolescence (Garnefski, Legerstee, Kraaij, Van Den Kommer, & Teerds, 2002) , thus leading to a relative diminution of substance use. Thus, a cumulative stress model may be useful for understanding trajectories of substance use during a critical period of the life course. the impact of stress on various outcomes is cumulative, with a virtual step function predicting its association with negative outcomes (Morales & Guerra, 2006; Thoits, 2010) . More frequently occurring events are likely to add up and impose much more of a psychosocial burden on individuals than those that are infrequent or of brief duration. 2 Similarly, the notion of cumulative disadvantage suggests that as individuals experience problems early in the life course (e.g., educational disadvantage, family break-up, impoverished living conditions), these often lead to consequent problems. In particular, scholars have suggested that illicit behaviors are more likely as adverse conditions accumulate over early periods of the life course (Sampson & Laub, 2003; Turner & Lloyd, 2003) . These adverse conditions or disadvantages often include stressors, such as death or illness in one's family, family dissolution, or other stressful life events. Thus, the cumulative disadvantage perspective parallels the notion of cumulative stress as a key influence on problem behaviors. However, studies have rarely investigated the effects of these cumulative stressors on substance use in general or on trajectories of substance use in particular.
Developing models that address cumulative stress is important for at least three reasons. First, behavioral neuroscience studies have shown that cumulative stressors negatively affect areas of the brain that manage impulse control, disrupt the hypothalamic-pituitary-adrenal (HPA) axis, and modify dopamine and cortisol metabolization, all of which increase the likelihood of substance use and disorders (Andersen & Teicher, 2009; Enoch, 2011; Sinha, 2001 Sinha, , 2008 . Second, as mentioned earlier, adolescents tend to be more sensitive and reactive to what they perceive as stressful situations (Agnew, 1997; Romeo, 2010) . Experiencing many events over time is particularly likely to create heightened reactivity and lead to negative reactions such as substance use. Third, the social-psychological stress literature originated in biological and engineering studies of organisms and structural soundness. These have demonstrated that the most consequential effects of stress occur when it accumulates to a point where an organism's defense mechanisms are overwhelmed or a structure's integrity is compromised (Grandt, 2003; Turner, 2013) . This involves cumulative or persistent stress, rather than discrete or short-term stressful experiences. Thus, research should consider the impact of cumulative stress on substance use, rather than focusing on short-term experiences of stress.
A few studies offer evidence that cumulative stress leads to a higher risk or potential escalation of substance use (Hoffmann et al., 2000; Sinha, 2008) . However, if it is consequential for the escalation of substance use during early to mid-adolescence, it would seem to also predict continued use during emerging adulthood. Yet, life-course studies of substance use have shown that there tends to decreasing use among a large segment of the population as they reach adulthood . Various explanations have been proposed for this decreasing trend. For instance, studies have suggested that as the transition from adolescence to young adulthood occurs, individuals tend to develop stronger social ties, take on new responsibilities (e.g., partnerships, marriage, child rearing), and have fewer delinquent peers D'Amico et al., 2001; Huh, Huang, Liao, Pentz, & Chou, 2013) . These lead to a diminution of substance use. The general stress literature furthermore proposes that, during this period of the life course, individuals have greater cognitive development and are less self-directed in their thinking and perceptions of their environment. Moreover, they have relatively more independence and power to escape adverse conditions during emerging adulthood (Agnew, 1997 (Agnew, , 2006 Aldwin, Sutton, & Lachman, 1996; Garnefski et al., 2002) . Therefore, during early adulthood, the association between experiencing stressful events and substance use may diminish (although substances may be used for other reasons, such as due to the legal status of alcohol use among emerging adults). This life-course dynamic may occur in at least two ways. First, the effects of stress on substance use are likely attenuated during late adolescence and early adulthood. Second, older adolescents and emerging adults are able to cope better with stressful events, even if they have accumulated over time. Hence, although studies of young adults have shown an association between stress and substance use (e.g., Turner & Lloyd, 2003) , according to research on the stress process, this association should be not be as consequential among emerging adults as among younger adolescents.
Summary
In sum, it is hypothesized that as stressful events accumulate-or as cumulative stress occurs-the frequency of substance use also increases among adolescents. In terms of the trajectories of substance use identified in previous studies, adolescents who follow a relatively rapid increasing substance use trajectory have likely experienced the highest levels of cumulative stress (Colder et al., 2002) , whereas those who use minimally or only occasionally have experienced relatively low levels of cumulative stress. Moreover, those who increase use during early adolescence but then decrease during late adolescence and emerging adulthood ("adolescent-limited"; see Jackson et al., 2008; Moffitt, 1993) likely experience moderate levels of cumulative stress. Consistent with studies of the general stress process (e.g., Garnefski et al., 2002) , the effect of cumulative stress on substance use is expected to diminish during emerging adulthood as alternative coping mechanisms become available and as individuals possess greater agency to distance themselves from stressful situations. This does not mean, however, that stress does not affect substance use during early adulthood (Sinha, 2008) ; it merely suggests that the association between stress and substance use is not as pronounced at this life-course stage than during early to mid-adolescence (Agnew, 1997 (Agnew, , 2006 .
Data and Method
To examine the proposed effects, 8 years of data from the Family Health Study (FHS) were utilized. The FHS is a prospective cohort (panel) survey conducted in a large U.S. metropolitan area that was designed to assess adolescent behavior and development. Families with adolescents were recruited from a variety of local health centers and the general community. A series of previous articles provide detailed information on sample recruitment techniques, questionnaire administration, and follow-up procedures (e.g., Hoffmann, 2010; Hoffmann & Cerbone, 2002; Hoffmann, Cerbone, & Su, 2000) .
Beginning in 1993, parents and adolescents completed self-administered questionnaires on an annual basis. The questionnaires included extensive questions about stressful life events, depressive symptoms, peer behaviors, and substance use. A total of 861 adolescents, ages 11 to 17 (M = 12.9), participated in the first year of the study. Almost 98% completed questionnaires during all 8 years (840/861).
As the sample included members of multiple birth cohorts embedded in an accelerated longitudinal design (Collins, 2005) , it may be used to develop a portrait of the effects of stressful life events among adolescents and emerging adults from ages 11 to 25. This is a key life-course period when involvement in substance use escalates and diminishes to varying degrees (Chen & Jacobson, 2012; Schulenberg et al., 2005) .
The sample members were primarily White (84%), with the remainder African American (8%) or members of other racial/ethnic groups (8%). About 49% were female. The average annual family income was close to US$35,000. Comparisons with U.S. Census Bureau data indicated that the FHS sample was representative of the demographic distribution of the population in this Midwestern U.S. metropolitan area.
Outcome Variables
Each year, respondents were asked to report their frequency of alcohol use, cigarette use, binge drinking, marijuana use, and other illicit substance use (e.g., amphetamines/stimulants, barbiturates, hallucinogens) in the past year, with responses ranging from zero days (coded 0) to 300 or more days (coded 8). These measures were subjected to an exploratory factor analysis (EFA) model designed for categorical variables (Flora & Curran, 2004) . The EFA models revealed two latent variables. The first involved the use of cigarettes, alcohol, and marijuana. The second involved amphetamine, cocaine/crack-cocaine, barbiturate, hallucinogen, and narcotic use. Confirmatory models substantiated these two latent constructs (see Appendix Table A1 ). As the second latent variable involved relatively rare events and a weighting scheme was not evident, the observed indicators were summed to construct a count variable-labeled past-year illicit substance use-that ranged from 0 to 30 during each year. The first latent variable showed an interesting trend, though, with the loadings for cigarette and alcohol use diminishing substantially during years seven and eight, thus violating the assumption of factorial invariance (McArdle, 2009) . This likely reflected the tendency for younger adults to use alcohol and cigarettes legally as they reached age 18 (tobacco) or 21 (alcohol). Rather than using all three substances to construct a variable, 3 only the frequency of marijuana was used in the empirical models. To capture heavy alcohol use, the prevalence of binge drinking in the last month was utilized. This was defined as imbibing in five or more alcoholic drinks on three or more days in the past month. Thus, the following outcome variables were examined: past-month binge drinking, past-year marijuana use, and past-year (other) illicit substance use. Marijuana use and other illicit substance use were treated as count variables, whereas binge drinking was treated as a binary variable.
Explanatory Variables
Stressful life events were measured each year by a checklist of 16 items derived from the Family Inventory of Life Events and Life Changes (McCubbin, Patterson, & Wilson, 1985) . They included past-year incidents such as death, illness, or accidents among family or friends; changes in school or residence; parental mental health problems; parental divorce or separation; and family financial problems. The actual number of life events reported by respondents ranged from 0 to 12 per year, although over three fourths of them reported no more than two events in any year.
Most panel studies have treated stressful life events as time-varying covariates by using the annual count measures as reported by respondents. However, as this research was based on a model of cumulative stress, the operationalization identified respondents who experienced a high number of stressful events (above the 75th percentile) during each year and accumulated these experiences over the eight waves of data collection. Thus, those who experienced a persistently high number of events over time had a higher score (up to eight based on normalized scores) than those who experienced fewer events over time. For example, a respondent who experienced several events each year could accumulate a score up to eight by the final year of observation, whereas one who experienced relatively few events would consistently score a zero over the observation period (Hoffmann, 2010; Lloyd & Turner, 2008 ). Agnew's (2006) GST model proposed that several coping variables affect the association between stressful life events and substance use. Some studies have treated these as moderating variables, whereas others have simply controlled for their effects in empirical models. I considered them as potential confounding variables in the empirical models. 4 The variables included self-efficacy, a time-varying covariate gauged during each year by Pearlin and Schooler's (1978) scale. A series of seven questions inquired about perceived personal control over one's environment; in particular, feelings of helplessness, fatalism, and lack of problem-solving ability. As there was variation in the response patterns across years, each observed variable was standardized within year prior to creating additive scales. The standardization process consisted of taking the z scores of each variable in each year. The z scores were then added together to create the Self-Efficacy scale (cf. Brezina, 1996) . Higher scores on this scale indicated greater perceived control over life. The alpha coefficients for the annual scales ranged from .87 to .92. Rosenberg's (1979) 10-item scale. The questions tapped into respondents' feelings of worth, pride, ability, respect, and satisfaction with life. Higher values indicated higher self-esteem. As there was variation in the response patterns of the self-esteem variables across years, each was standardized within year prior to creating additive scales. The standardization process consisted of taking the z scores of each variable in each year. The z scores were then summed to create the Self-Esteem scale. The alpha coefficients ranged from .82 to .88.
Self-esteem was measured by
Agnew (2006) also included negative emotionality in his list of variables that may affect the association between strain and delinquency. Thus, I considered negative affect as a measure of negative emotionality using the revised Center for Epidemiological Studies Depression Scale, a 20-item scale designed to assess the frequency of depressive symptomatology in a typical week during the previous 30 days (Radloff, 1977) . As there was variation in the response patterns across years, each observed variable was standardized within year prior to creating additive scales. The standardization process consisted of taking the z scores of each variable in each year. The z scores were then summed to create the scale. The alpha coefficients ranged from .85 to .94. 5 Other variables included a 15-item Family Relations scale based on questions that asked about family closeness, support, joint activities, and problem solving. As there was variation in the response patterns of the family relations variables across years, each was standardized within year prior to creating additive scales. The standardization process consisted of taking the z scores of each variable in each year. The z scores were then summed to create the Family Relations scale. Higher scores on this scale indicated better family relations. The alpha coefficients ranged from .80 to .92.
As suggested by previous studies (Agnew, 2006; Eassey et al., 2015) , substance-using peers may influence the effects of stress on trajectories of substance use. A measure of peer substance use was based on a set of questions that asked how often the respondents' three closest friends (friends could include siblings) engaged in the following types of substance use in the previous year: alcohol (use and been drunk), cigarettes, marijuana, and other types of illicit substance use. Responses to each question ranged from zero times (coded 0) to 31 or more times (coded 6). Additive scales demonstrated positive skew, so the natural logarithms of each (+1) were taken to normalize their distributions. The alpha coefficients ranged from .73 to .80 across the 8 years.
Control Variables
Studies have found that patterns of substance use vary by several demographic characteristics (e.g., Chen & Jacobson, 2012; Turner & Lloyd, 2003) . Thus, the following control variables were included in the analysis: sex (0 = female, 1 = male), family income (1-12, corresponding to increasing monetary levels), race/ethnicity (0 = non-White, 1 = White), and family structure (0 = did not live with both parents, 1 = lived with both parents). Table 1 provides information about the distributions of all the variables discussed herein. The standard deviations were decomposed into within-year and between-year components. Note that, for most of the variables, there was a similar degree of variability within and between years.
Empirical Models
Most research has not adequately considered the measurement properties of substance use scales and how these affect the choice of empirical models. As noted by recent research, a key issue is how to distinguish any substance use from frequency of use (Hoffmann & Bahr, 2010) . There is selection bias as one moves from any use to some frequency of use. Moreover, the predictors of any use may be different from the predictors of frequency of use. Two alternative modeling strategies have shown promise for attenuating this potential problem. First, censored regression, hurdle models, or zero-inflated approaches allow one to estimate the binary outcome of any use Note. The sample size was 840. The following variables were based on standardized summed scales: Self-Efficacy, Self-Esteem, Negative Emotionality, and Family Relations. a Consistent with the longitudinal nature of the study, the standard deviations were decomposed into between-year effects, within-year effects, and overall effects. The within-and between-year standard deviations may not sum to the overall standard deviation because they are biased-corrected estimates. b Included past-year use of amphetamines, cocaine/crack-cocaine, barbiturates, hallucinogens, and narcotics. See Appendix Table A1 for the latent variable analysis of these items.
and the frequency of use simultaneously (e.g., Roettger, Swisher, Kuhl, & Chavez, 2011) . Second, latent trajectory (mixture) models allow the estimation of particular categories of use in a longitudinal context (e.g., Eassey et al., 2015; Huh et al., 2013) . For example, recent research has indicated that adolescent substance use follows four or five trajectory groups, ranging from abstainers to chronic users (Jackson et al., 2008; Schulenberg et al., 2005; Tucker et al., 2005) . Thus, one may explicitly distinguish those who do not use during adolescence and emerging adulthood from those who use with some frequency. I relied on the group-based, mixture modeling approach pioneered by Jones and Nagin (2007; Nagin, 2005) to estimate substance use trajectories. This approach was designed to empirically delineate changes in behaviors such as substance use with longitudinal data. The distribution of the behavioral outcome is conditional on age, or P(Y i |Age i ). The shape of the distribution can vary from a linear to a quintic association, but it is rare to find a higher order than the cubic. For example, assuming a linear model, a quadratic association is modeled as
where the left-side term is a latent variable denoting the behavior (e.g., marijuana use) of person i at time t given membership in group j. The coefficients are denoted with j to indicate that they may differ across groups. The trajectory model thus assumes that the population of trajectories are from a finite mixture of order J (Jones & Nagin, 2007) . The analysis of this model involves three stages: (a) the shape of each group's trajectory, (b) the estimated percentage of membership in each group, and (c) the probability that sample members fall into each group based on the posterior probability of membership in the group. Moreover, the analysis may be extended to examine the effects of time-independent and time-dependent covariates on the probability of membership in each group. The model also allows different options for p(.), or the presumed distribution of the outcome variable (Jones & Nagin, 2013) . Binge drinking was modeled as a binary outcome using a logistic specification, whereas marijuana and other substance use were modeled as count variables using a zero-inflated Poisson's distribution; the zero-inflation was designed to account for abstainers (Telesca, Erosheva, Kreager, & Matsueda, 2012) . To determine the best fitting model, I relied on the Bayesian Information Criterion (BIC; Brame, Nagin, & Wasserman, 2006) . The best fitting model should provide the optimal number of trajectory groups, as well as their respective shapes (e.g., linear, quadratic). Plotting the trajectories provided additional confirmation of the group distributions.
Results

Establishing the Number of Trajectory Groups
The first goal of the analysis was to establish the number of substance use trajectories in the FHS data (cf. Eassey et al., 2015; Schulenberg et al., 2005) . Table 2 provides information with which to gauge the optimal number of groups for each outcome variable. The BICs indicate that four groups provided the best fit for trajectories of binge alcohol use and past-year illicit substance use. A five-group model emerged as the best fit for past-year marijuana use (cf. Eassey et al., 2015) . Table 3 provides the proportion of the sample in each trajectory group. The three panels in Figure 1 display the shapes of the trajectory groups for each of the three outcomes. For each type of substance examined, there was a group in which respondents began to use early and escalated to a relatively high level of use (early adolescent). For marijuana use and other illicit use, this group demonstrated a decrease during emerging adulthood. There was also an adolescentlimited group of marijuana and other illicit substance users. The late adolescent groups began to increase use around the age of 16 and did not peak until early adulthood; there was an especially elevated peak among one group of marijuana users, labeled in the graph as the late adolescent high group.
The Association Between Cumulative Stress and Substance Use Trajectories
The second goal of the analysis was to determine the effects of cumulative stress on the trajectories. The first outcome variable examined was binge alcohol use. Table 4 provides these results. Cumulative stress was associated with classification into two of the four binge alcohol groups. Abstainers showed a relatively low level of cumulative stress, whereas those in the early adolescent group-which manifested the highest peak of use during late adolescence-experienced relatively high levels of cumulative stress. However, once other variables were included in the Note. The trajectory groups are estimated using a group-based, finite mixture modeling approach (Jones & Nagin, 2007 ). The preferred model based on the BIC is in bold. The sample size is 840. BIC = Bayesian Information Criterion. a A model with six trajectory groups was also estimated, but it resulted in a singular variance matrix. b Includes past-year use of amphetamines, cocaine/crack-cocaine, barbiturates, hallucinogens, and narcotics.
model, 6 the association between cumulative stress and abstention was no longer statistically significant. Models that introduced each control variable separately indicated that the introduction of peer substance use attenuated this association. Nevertheless, the association between cumulative stress and early adolescent use increased in magnitude. All else being equal, cumulative stress appeared to affect the earliest and most frequent binge alcohol users. Family attachment, self-efficacy, and negative emotionality also affected early adolescent use. Not surprisingly, peer substance use had consistent associations with each of the using categories. The second outcome variable was past-year marijuana use. Table 5 provides the results of this model. Cumulative stress had variable effects among the five trajectory groups, with a positive association among adolescent-limited, early adolescent, and late adolescent high users, but a negative association among abstainers. The most notable association appeared for those who began to use later in adolescence but reached a relatively high level of use during emerging adulthood. Some of the associations persisted with the introduction of other variables in Model 2, although there was some attenuation, especially among early adolescent users. Interestingly, the coefficient for cumulative stress among adolescent-limited users changed direction-from positive to negative-once the other variables were included. As with binge alcohol use, the key variable that affected these shifts was peer substance use.
The final outcome variable was a measure of other forms of illicit substance use (e.g., amphetamines, cocaine, hallucinogens). The results shown in Table 6 indicate that cumulative stress was initially associated with adolescent-limited and early adolescent use, but not with late adolescent use. However, the effects of cumulative stress were attenuated in model 2; in fact, only Note. The trajectory groups were estimated using a group-based, finite mixture modeling approach (Jones & Nagin, 2007) . The outcome variable was assumed to follow a binomial distribution. The sample size is 840. BIC = Bayesian Information Criterion. a Sex, family structure, family income, and ethnicity were included in the models as covariates. *p < .05. **p < .01. Note. The trajectory groups were estimated using a group-based, finite mixture modeling approach (Jones & Nagin, 2007) . The outcome variable was assumed to follow a zero-inflated Poisson's distribution. The sample size is 840. BIC = Bayesian Information Criterion. a Sex, family structure, family income, and ethnicity were included in the models as covariates. *p < .05. **p < .01. Note. Past-year illicit substance use included reported use of amphetamines, cocaine/crack-cocaine, barbiturates, hallucinogens, and narcotics. The trajectory groups were estimated using a group-based, finite mixture modeling approach (Jones & Nagin, 2007) . The outcome variable was assumed to follow a zero-inflated Poisson's distribution. The sample size is 840. BIC = Bayesian Information Criterion. a Sex, family structure, family income, and ethnicity were included in the models as covariates. * p < .05. **p < .01.
cumulative stress's positive association with early adolescent use remained once peer substance use was included in the model.
Is the Association Between Cumulative Stress and Substance Use Trajectories Attenuated in Emerging Adulthood?
The final research question is whether the effects of cumulative stress are diminished during emerging adulthood (Agnew, 1997; Aldwin et al., 1996) . For example, even though cumulative stress predicted membership in the early adolescent group of other illicit substance users-a group that showed some decrease during late adolescence (see Figure 1C) -it was unclear whether their diminishing use was linked to cumulative stress. Thus, a set of multinomial logistic models that adjusted for the panel design of the FHS was used to explore the age-specific effects of cumulative stress on substance use trajectories (Hedeker, 2003) . The results shown in Table 7 suggested that the effects of cumulative stress on substance use did not depend on the age of respondents. In only one instance was there a statistically significant effect: Cumulative stress was slightly more consequential for adolescent-limited binge alcohol users as they reached late adolescence and early adulthood (β = .14, p = .02). This failed to support the view that the effects of stress on substance use diminished as youth entered adulthood.
Discussion
This research was designed to consider the effects of cumulative stress on trajectories of substance use during adolescence and emerging adulthood. The results partially supported the view that adolescents who experienced the highest levels of cumulative stress tended to be those whose use increased relatively steadily throughout adolescence (Colder et al., 2002 )-those classified herein as early adolescent users. An exception to this general observation occurred among marijuana users. The early adolescent users did not manifest high levels of cumulative stress. Instead, it appeared that peer substance use was most consequential among this group (see Table 5 ). Cumulative stress did, however, have a statistically significant association with one type of marijuana user. Figure 1B shows that this group-termed late adolescent high-began to escalate use around age 16 and by early adulthood included among the most frequent users. It was not clear why this group of marijuana users, but not the early users, was affected by cumulative stress, but it may reflect a tipping point at which marijuana use emerged as a coping mechanism for stressful experiences.
The conceptual model predicted that cumulative stress would have a moderate effect on adolescent-limited substance users. The results showed, by contrast, that cumulative stress had little to no effect on adolescent-limited forms of substance use. Members of adolescent-limited trajectory groups reported a modest escalation of use from about ages 14 to 17, but then diminishing use through emerging adulthood. They were not, however, affected by cumulative stressors; indeed, there was a negative association with adolescent-limited marijuana users (Jackson et al., 2008; Schulenberg et al., 2005; cf. Agnew, 1997) . This suggests that cumulative stress was most consequential for those who emerged by mid-to-late adolescence as the most frequent substance users. It also supported the proposition that the most significant effects of stress occurred when it accumulated to a point where one's coping mechanisms or psychosocial resources became overwhelmed. Whereas positive coping resources may not function sufficiently to relieve stress, other coping strategies such as substance use may emerge or increase in utility.
Furthermore, the findings imply that the effect of cumulative stress is at least partly confounded by peer substance use. Numerous studies have shown that a powerful influence on adolescent substance use is peer use (e.g., Fergusson, Boden, & Horwood, 2008; Galea, Nandi, & Vlahov, 2004) . Moreover, Agnew (1992) posited that deviant peers magnify one's stressful experiences, perhaps by reminding youth of their adversities. The empirical models did not directly test this proposition. Nonetheless, for at least two of the trajectory groups-early adolescent binge alcohol users and adolescent-limited marijuana users-cumulative stress was fully attenuated by the introduction of peer substance use. Cumulative stress models and GST have not provided specific guidance about why this might occur. However, research on general peer effects may provide some clues (Warr, 2002) . It is feasible, for example, that networks of affiliates, regardless of their behaviors, may be able to offer a social coping resource when stress accumulates over time. Nonetheless, the results provided here suggest that a fruitful avenue for future research is to consider the joint and unique influences of peers and cumulative stress on behaviors.
The empirical models provide, at best, minimal guidance for understanding diminution of substance use during late adolescence or emerging adulthood. Cumulative stress had little effect on adolescent-limited substance users, for instance. Even though early adolescent users of other illicit drugs, a group high in cumulative stress (see Table 6 ), appeared to diminish their use after about age 18 (see Figure 1C) , this was not linked empirically to stress. Thus, they may have developed alternative means of coping with this type of stress, such as greater cognitive skills, independence, and more effective coping strategies in general (Aldwin et al., 1996; Garnefski et al., 2002) . Their diminished use of illicit substances likely involved maturational or interpersonal mechanisms that were not considered in this study.
The results have implications for intervention efforts, though. Prevention experts would be wise to consider the stresses that adolescents experience. It seems that programs tailored to help youth manage stress in a positive way are also needed. There was also little evidence from the analysis that good family relations, low negative emotionality, or high self-efficacy attenuate the effects of cumulative stress. Thus, intervention efforts may require more direct or actively implemented coping resources.
Limitations
Although the results are promising, there are also several limitations. First, the data came from a nonrandom sample of youth-mainly Caucasian-drawn from a limited area of the United States. Thus, the models should be replicated using more diverse and representative samples of young people. Second, the FHS did not include measures of all of the potential moderators and mediators discussed by stress researchers. For example, a key limitation is that there was no measure of anger available. As suggested by previous studies (Agnew, 2006; Dermody, Cheong, & Manuck, 2013) , anger and other negative emotions play a key role in linking stress to particular behaviors. Finally, the FHS data are from the 1990s and therefore one might question whether they are applicable to substance use patterns and trajectories that exist today. For example, they say little about emerging drug use issues, such as nonmedical use of prescription drugs, medical marijuana, or the newer synthetic drugs (e.g., bath salts, K2).
The measurement of cumulative stress might also be considered a limitation. As mentioned earlier, stressful life events were measured each year. Cumulative stress was then conceptualized as a high level of stress in each measured year, with a maximum of eight by the eighth year. However, by definition, this means that the baseline trajectories actually occurred before cumulative stress was fully manifest. Thus, there are some endogeneity problems in the models that cannot be fully resolved unless cumulative stress was drastically reconceptualized. This suggests that more research is needed on how to measure cumulative stress and link it to behavioral trajectories. This should likely involve some careful attention to lagging variables and using more frequent data collection intervals.
In addition, recent research has suggested that stressors may have the strongest effects when early life adversity has occurred (McLaughlin, Conron, Koenen, & Gilman, 2010) , perhaps because these adversities diminish one's ability to cope later in life. Although this research observed a sample of individuals from adolescence to emerging adulthood, the data are silent regarding earlier life experiences that might affect coping and cumulative stress. Moreover, the data set did not include any neurophysiological or genetic markers that might help us understand the biosocial mechanisms that lead from cumulative stress to substance use (Andersen & Teicher, 2009; Sinha, 2008) . The measures also did not directly identify whether substance use was the result of stress, thus the analysis could indicate only whether stress and substance use were related statistically (cf. Dermody et al., 2013) . Finally, research on social support has suggested numerous support structures that attenuate the effects of stress (e.g., Cohen, Underwood, & Gottlieb, 2000) . Thus, this study provided an incomplete view of the myriad coping resources that individuals may draw upon.
Conclusion
Recent research has suggested that the most consequential forms of stressful life events are those that accumulate over time and overwhelm a person's ability to cope and manage these experiences. However, few studies have addressed the life-course implications of cumulative stress for understanding adolescent and emerging adult substance use.
The analysis presented here indicated that cumulative stress was associated with a substantial increase from early to late adolescence in binge alcohol use and other illicit substance use. It was also associated with the escalation of marijuana use during mid-to-late adolescence. However, substance-using peers attenuated the effects of cumulative stress to some degree, and thus should be considered a regular fixture in future studies of stress and substance use. Although sorting out these various effects will require additional research, they point toward a promising future for studies of cumulative stress. 
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Notes
1. Although general strain theory (GST) provides a description of the association between delinquent behavior and a number of sources of adolescent strain (Agnew, 2006) , the analysis focused on stressful life events for three reasons. First, there is a substantial body of literature in sociology and psychology that has shown consistent effects of stressful life events on a number of negative outcomes, including Note. RMSEA = root mean square error approximation; CFI = comparative fit index.
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at Auraria Library on September 25, 2016 jod.sagepub.com Downloaded from depression, drug use, and delinquency. Second, GST does not make a clear distinction between sources of strain and sources of bonding or social control. For example, distinguishing between negative relations with parents and lack of attachment may be plausible theoretically (Agnew, 1992) , but it presents measurement problems for empirical models (Hoffmann & Miller, 1998) . Third, the model examined herein broadens the general research on stressful life events during adolescence and emerging adulthood by focusing on cumulative stress. Therefore, it should be of interest to those concerned with several outcomes in addition to substance use. 2. In his exhaustive summary of GST, Agnew (2006, Chapter 3) recognized that strains that were more frequent would likely be most strongly related to delinquent and criminal behaviors: "Generally speaking, we would expect strains that are more frequent, more recent, of longer duration, and expected to continue in the future to be seen as higher in magnitude" (p. 60). However, this tends to place various aspects of stress in one general category. The concept of cumulative stress developed here is more narrowly focused so that a key aspect of the stress process can be brought into focus. 3. An issue with the use of these three substances involved whether they should be differentially weighted to reflect relative frequency of use. For example, one might argue that because alcohol was used more frequently, in general, than cigarettes in the population of adolescents, they should have been weighted differently rather than summing the frequencies. Rather than engaging in this sort of an exercisewhich leads to nettlesome validity and reliability issues-only marijuana use is addressed in the analysis as it was illegal for all respondents throughout the observation period. 4. Agnew (2006) argued that these various factors serve as moderators in his GST model. For instance, he proposed that negative emotionality or delinquent peers can combine with strain to magnify the likelihood of deviant behaviors. However, because the model of cumulative stress developed and tested here does not currently posit a moderating role for these factors, they are treated only as control variables. Subsequent research may develop the model further to consider their role in more detail. 5. A key negative emotion that plays a central role in GST, anger, was not measured in the Family Health Study (FHS), so it was unavailable for this study. 6. Note that self-esteem was omitted from the models. The models failed to converge to a proper solution when both self-esteem and self-efficacy were included, perhaps due to collinearity issues that led to ill-conditioned matrices. Thus, the analysis included self-efficacy only.
